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PREFACE 


In this paper a general formula derived by Professor J. G. Chaney 
of the U. S. Naval Postgraduate School for the mutual impeaenes between 
two skew antennas of different lengths is reduced to the specific case 
ef two coplanar, half-wave elements with half-wave center to center 
spacing and the impedance for various angles of skew computed. The 
results of the measurements on the slot complement of this antenna 
system are compared with the calculated values. Additional methods of 
performing this type measurement are discussed. 

This paper was prepared at Stanford Research Institute, Stanford, 
California during the period from January to March 1955 under Air Force 
Contract No. AF 19(604)-1297, 

The author wishes to thank Dr. John Taylor, under whose direction 
the experimental work for this paper was carried out, and Dr. J. T. 
Bolljahn for their many helpful suggestions. Also, the author is 
indebted to Professor J. G. Chaney for suggesting the topic of this 


paper and for the use of his original notes. 
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ABSTRACT 





In this report a general formula derived by J. G. Chaney 
of the U. S. Naval Postgraduate School at Monterey, California, 
for the mutual impedance between two skew (non-parallel) anten- 
nas of different lengths is reduced to the specific case of two 
coplanar, half-wavelength elements with half-wavelength center- 
to-center spacing. The impedance for various angles of skew 
1s computed. The results of the measurements made on the slot 
complement of this antenna system are compared with the calcu- 
lated values. There is good correlation between the shapes of 
the curves for measured and theoretical results, although the 
measured results averaged 30% above the values predicted by the 


theory. 


Other techniques for finding the mutual impedance between 
two antennas are discussed; some of these may present fewer 


difficulties. 
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MUTUAL IMPEDANCE BETWEEN 
TWO SKEW ANTENNAS 


CHAPTER {1 


INTRODUCTION 


In a recent unpublished paper!’ Chaney derived an expression for the 
mutual impedance between two center-driven dipole antennas arbitrarily 
oriented with respect to each other. He approaches the problem by means 
of his generalized circuit theory concept,” and expresses the mutual 
impedance in terms of associated sine and cosine integral functions. 
These functions were introduced by Chaney in his studies of rhombic 


3 


antennas® and a limited table of them is available.* More extensive 


tables are in the process of publication. 


In the present investigation, which was suggested by Professor 
Chaney, the general formula for the mutual impedance between two anten- 
nas has been reduced to the specific case of two coplanar, half-wavelength 
elements with half-wavelength center-to-center spacing, and the impedance 
for various angles of skew has been computed. Measurements have been made 


for this specific case and the results compared with the calculated values 


References are listed at the end of the report. 
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CHAPTER 2 


SKEW WIRE ANTENNAS 


A. DERIVATION OF MUTUAL IMPEDANCE RELATION 


Chaney's generalized circuit theory concept starts with Maxwell’s 
equations, from which an expression is derived for the complex power 
associated with a circuit. This power is separated into a complex in- 
put power and a complex power (including the radiated power) into the 
external fields associated with the circuit. The internal and external 
impedances are obtained from these powers without assuming specific cur- 
rent distributions. However, for computing mutual impedance values, a 


current distribution must be assumed. 


The mutual impedance between two antenna configurations (see ref. 2) 


1S given in the generalized circuit by 


30 = es 
419 = 4 p RY r, (Pi) fs ,) prfetry eh] oF, (1) 
1 J2 


where 
P, = any point along the axis of wire No. 1, 
P, = any point along the axis of wire No. 2, 
[i> - the iieeene: eet ie LOR; 
Sy eee © 

e(r,,) = @ /T yo 

{| 

2 
k = I) (io € g = 2rn/d, 

pe 

Hy, = 47 x10 henries per meter, 

9,71 
et ae (367 x 10 ) farads per meter, 

2 : 

Oi V, V., ) + R which is the operator “deltil,” with the 


subscript indicating the position at which the differentia- 


tions are to be performed, 





“pom ee 


— a @\* 


=e 


L] 





nee) = the current distribution function along wire No. 1, and 
ie) = the current distribution function along wire No. 2. 


Complex conjugate quantities are indicated by a star (*), while #_ stands 
for the real part of the associated expression. Postulating sinusoidal 
current distributions, 


Te ol ete as 


01 1 


to 
er 


and ( 


a= oeligy Sima mens 


02 | 


on the two antennas, their mutual impedance 1s given by: 





oO a _ 
Zio = p sin ae se | Gotan? | ae s,1€), le (r,,)dr9] mele 
1 72 
(33) 
A 20 2 
jk sin R(l, + s,) k(l, + s,) - bcos 2 e(r,,)ds,ds 
—— 12 = Sin laf 1 S} sin tb 2 yy) de ds , Y ~~ 12 ~9 C1 
30 Pi ee 
or 





Sige ness, ot EA = +4 ae, - Rb cos 2y] e(r,,)ds,ds, 





0S, 0S, 


2 
L fe 
4 Spi) ye Fe) )) resi Eo, + Sp) ee ~ b cos 2pler,. 
1 


ky yee 4? 
i. Sie eae) ol, el, —9S,) are 





= pete ey jel(r,.) 


Referring to Fig. 1 
“: 
2 i 2 2 | 

ri. = 418, — X, cos @- 8, cos 2) + (x, sing + s,sin Y)] +h 
(5) 
where 
h = the shortest distance between the lines cf the two antenna 
axes, 








X, = the length of the projection of the line joining the centers 
of the antennas upon the plane through antenna 1 parallel to 
antenna 2. 


¢~ = the angle between X, and the positive sense of antenna l, and 


ey = the vertex angle between positive senses of ontenna 1 and the 
coplanar line paralle] with antenna 2. 


Starting with these general 
expressions, Chaney arrives, after 
extensive manipulation, at an 
expression for the mutual impecance 
between two skew wire antennas, i1n 
terms of the associated sine and 
cosine integra] functions. The re- 
sulting expression is quite lengthy, 
and nence has not been reproaucec in 
this report. It may be readily shown 
that the formula reduces to that for 
the mutual impecance between the two 


elements of an open wire X-antenna® 





when the center-to-center spacins 1S 
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reduced to zero, anc to the formula 


FIG, 1 for the mutual impedance of two 


SCHEMATIC DIAGRAM OF TWO SKEW ANTENNAS parallel wire antennas’ when’ the 


shew angle 1s equal to zero. 


For the case of two coplanar, half-wavelength elements with nalf- 


wavelength center-to-center spacing, the general expression is simplified 


to 

A\9 . | re 

75.7 sm (kr tan) Sale 4) 4 rotamer (i,1.) - r,tenw] 
eee etagetany | tiomelvey (2,1,) - 21, - r,veny] 


+ Stele ecg 1, tela Siig!) ~2l, +r ten) 


“ 


(Silene ecm | eater. (Loy = rjtany I} 


a 





+ cos (kr,tany) | CtkOry 1) + ryteny) + Cik[r,,(1,1,) - ryteny] 
AGUA Aint) + el, tr, tamale Clete), (yl jeeael— ry tang) 


1 


=iGaeeAL, L,) eel — r tanval= Ciklr,(l,1,) — el, reteny | 


1 
iF Cire ltyt,) tetany alaeeOieiae eel.) = ryan} 


tr cou) = Sikiey. (1 ,) 2 ieeout | 


+ sin (kr ,coty ) Sikl[r,, (l,l,) - 2] 
— ari, (251,) + r,cotw ] + Seglr,,(,2,) - r cow] 
Te varnn,) +imecotw] +isealewstal,) ~a,cotw 3 
FIIE eyes) cheely + Facets, = Stmlinge (1 le) ebe= ocovall 


1 


P= cou CIP 1.) — 2. n acoum 


+ cos (Pr ycoty ) {tel (Ost) + 2] 

= Olde Une FP cou | Cilla a tele sans coin| 

se (OAL op US eas ts Slee, Wein) = 2 coun 
+ CL la) tele recotw) + Cikir. (o1.) = 2b rsooww 

+ j (sin (kr tany ) { cera st tiepeany |) — Cine at.) — r,tanyl 
- Cik[r,,(1,1,) + 2l 


oti eeOtiale, (2a) emcele= ie venue 


Ci Mangieneayet et tan Cia ir at.) = el ar tam 
ve COTUEAIUES (Ube Dra)) ar ee eV A = Mri alice pa CARTS) ie rae | 

- cos (kr,tany) { se a(t +7 tan) + Sikir,,(l,) — r,tanyw} 
Sor eo) ee ean lessor mln) = 2) = 7 Lane 


eu eno mele i ten) Stell j1,) + 2l.> Tytania 


tool ye (iru eaeteneanyy | FoStRire kL) rsany 
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—_= NP banned 


> eyes 


a= | 





- sin (kr,coty) { Cine! 1.) ane coup | = Otretr,, ia) 21+ mcoty | 
(eect ws ine) © feacobw | Grin (iL), — roeoty| 
TO eat) + rcotwm = Cizlanall. 1.) = -ycouw | 
- Weg (ly) #21, + rqsoev) + Cimino (yt) ~21,- rycoww } 
- cos (Pr, coty ) Sualeeee) = Cl nemncoUda toll lal.) tie? ar Cou | 
Se je tienconralmemotete Wi.) Fr coup) 
Seley.) +r cob] — Sixirxe(2,1,) - rjcotw] 


‘ | > 
ot rae ila ecouule Sixir,. (20>) — 20,— roar] 
(6) 


The functions Ci(x) and Si(x) are the usual cosine and sine integral func- 


tions defined as follows: 


© 





Ci(x) = - —— at 
Serie 
Sic = | peat. (7) 


The term r,, has already been defined. The terms r,,, 7,4, and lr). were 
introduced as an aid to integration. They are defined in the coplanar 


case under consideration as 


2 2 2 
pee = lel eta = 2) cosmay - 21 or, sin Oy) 2 
2 2 2 | 
rs3 Ce, = len, owe ee oe el , cos aus + PAS fae 2) 2 
: P ; (8) 
é _ | 4 
Met yes)) = (lets HP, t 21 \cos Sp - 21 r,sin 2p] 
2 
rys (lly) = lel, + ro 7 21 cos op + 2lyrysin ab)? 





It is interesting to note that these quantities, appearing as a result 


of integration, are the physical lengths shown in Fig. 2. 


At this point it should be 
recalled that the general expres- 
sion was derived under the hypoth- 
esis of sinusoidally distributed 
currents and 1s, therefore, most 


accurate for antennas in the 





neighborhood of a half wavelength 


=e 0, a, long, and is unsatisfactory for 
A-1197-TR5I-43 
antennas very close to one wave- 
Se Neayeshh Tenax 
DIAGRAM ILLUSTRATING THE QUANTITIES 
Ne "3 ha ‘1s 
D). COMPUTATION OF MUTUAL IMPEDANCE 


Values of the resistive and reactive components of the mutual im- 
wedance for the case of two coplanar, half-wavelength elements with half- 
wavelength center-to-center spacing have been computed from iq. (8) for 
skew angles between zero and 90 deg at 10-deg intervals. The results of 


these computations appear in Table I. 


TABLE I 
MUTUAL IMPEDANCE FOR VARIOUS ANGLES OF SKE\ 


SKEW ANGLE RESISTIVE COMPONENT REACTIVE COMPONENT 
ew R x 
Q° 2220 =a Oe 
10° S222 =o. 6 
20° =) a =o e0 
30° ge 3 ea | = 20 
AN) =O 3 2) th 
50° =o =20 4 
60° ~cthe:8 mad RS red 
(Us es oe Sle. 2 
g0° . ~ 1.6 - 6.3 
90° 0 0 





CHAPTER 3 


MEASUREMENT CONSIDERATIONS 


A. PROBLEMS INVOLVED 


In order that the experimental results might be used to test the 
analytical results, it was necessary to use an experimental model which 
conformed as nearly as possible to the assumptions made in deriving the 


formula. 


The use of a wire antenna model would have necessitated suspension 
of the model in free space and the use of a reflectionless feed system, 
as well as balanced impedance measurements. The difficulties anticipated 
in obtaining accurate measurements in view of these obstacles ruled out 


this approach to the problem. 


In order to avoid the difficulties inherent in the use of thin 
dipoles, the measurements described here were made by means of the slot 
complement of the antenna system (Fig. 3.) The method consisted of 
measuring the input admittance of the driven slot for the case where the 
parasitic slot is short-circuited at its center and that where it 1s open- 
circuited. The driven slot was fed by a small air-dielectric coaxial 
cable which permitted the use of slotted-line techniques for the measure- 
ments. To minimize reflections, the cable was partially embedded in the 


ground screen. 


The network equations for a pair of slot antennas are 


eee ae 2 
and 
1 es Se Seni ne Aes <a (9) 
where 
iy = the terminal current of slot 1, 
i, = the terminal current of slot 2, 
Sl = the terminal voltage of slot l 





V = the terminal voltage of slot 2, 


2 
Woe = the self admittance of slot 1, 
oe = the mutual admittance between slot 


1 and slot 2, 


ls = the self admittance of slot 2, and 
1 = 

l 
fy 


= the terminal admittance of 
slot l. 





@e¢@6¢@€¢#ie 





tat # © oe 


FIG. 3 
GROUND PLANE 


For this investigation, it was assumed that or = 1,5; theretone, 
with the second slot short-circuited, the input admittance at the 


terminals of the first slot is 





a , Vy 


and, with the second slot short-circuited 


Y 
2 
oan hy 
Yi, 


71 
1 


(10) 


The mutual admittance Y,, was computed from these two expressions, using 


measured values of oa for the two termination conditions. 


Since the mutual admittance between two slots is related to the 


mutual impedance of the complementary dipoles by the equation 


2 
n 
4, (dipole) = = Eoin (1d) 
where 
up = 1207 ohms, 





the desired mutual impedance between two coplanar skew antennas may be 
obtained with the complementary slot model. The last equation, which 


8 


stems from Babinet’s principle as formulated by Booker,” 1s exact if the 


screen 1s plane, perfectly conducting, and vanishingly thin. 


In order to establish the range of magnitudes of the quantities to 
be measured, the mutual impedance between two coplanar skew wire antennas 


was examined for the specific case where 


L = A/4, 
oy = 0°, 
= dieeand 
ry same 


The King-Middleton second order solution for the impedance of cylindrical 


antennas, in conjunction with the relation 


Z 


19 
Z (dipole) = ih (slot), 


10 


r 





was used to obtain the slot admittance /Y It was found that, for a 


| We lia 
thickness parameter [2 = 11, which is shown in the next section to be 


applicable for the slot configuration used, 


ee (272 cle! 1 ewe. 


Chaney’s equation for the mutual impedance for the above case, when con 


verted to a slot admittance, gives 


2 (0891) (10 ~) [-112.5° . 


me 
iH 


From the relation 





Z 
Vie 
Y ~ Puy = ? 

Yu 

it was found that 
= = Ween je iterce: 
and when normalized to the 50-ohm characteristic impedance of the slotted 
line, 
Boi pte U,l255 +) e.056¢r 

and 


0.1285 + 70,0433 . 


Ls 
uN 


This computation indicated that the maximum difference to be 
expected in the voltage standing-wave ratio was about three-tenths in 
the range of VSWR between 7 and 8, and that the maximum difference in 
the locations of the minima for ce and Y,, was about 0.2 cm at a freq- 
uency of 1000 Mc. It should be noted that, theoretically, as the skew 
angle approaches 90 deg, the value of ena approaches the value of /,, 


and, in the limit, Y,, equals /,,. 


The foregoing facts made it apparent that it would be necessary to 
establish a highly sensitive and precise slotted line technique to pre- 
vent normal experimental variations from masking the effect of the 


parasitic slot. 
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B. MEASUREMENT TECHNIQUES USED 


In applying Babinet’s principle it was assumed that the ground plane 
is infinitely large, perfectly conducting, and vanishingly thin. In the 
experimental setup a vertical 1/l6-in. sheet-aluminum ground plane 8 ft 
high and 6 ft wide was used. At the measurement frequency of 1000 Mc, 
the closest edge of the ground plane was 2.5 wavelengths from any portion 
of either slot. This was considered sufficient to reduce reflections 
from the edges of the ground plane to negligible proportions. The center 
section of the ground plane in which the slots were placed consisted of a 
1/16-in. copper sheet 2.5 ft square. The area around the fixed, driven 
slot was milled to reduce the thickness of the sheet at the slot to 
Oeos0 in. (Fig. 4). 


The rotatable parasitic slot was cut in the center of an 8-in. 
diameter copper disk 0.02 in. thick. There were 36 holes around the 
periphery of the disk, to per- 
mit its attachment to the 1/16- 


i 1%" ~~. 1%" aaa in. copper sheet with binder- 
. a When the 


-_____-———— head machine screws. 





| disk was turned, these holes 
matched those around the cir- 
cular cut-out in the ground plane 
for every successive 10 deg of 
FIG. 4 ; : 
rotation, so that it was possible 
MILLED AREA IN VICINITY OF DRIVEN SLOT ,, change the skew angle in 10- 


deg increments. 


The driven slot was fed by a brass, 50-ohm, coaxial line having a 
3/8-in. outside diameter. Styrofoam spacers were used to support the 
center conductor. Since Styrofoam has a dielectric constant of 1.03, 
the line behaved essentially as an air dielectric line from 600 to 2100 
Mc. At the point of feed, the coaxial line was tapered to an outside 
diameter of 3/16 in. by a 2-in. electroformed taper section; at the 
feedpoint, the inner conductor of this 50—-ohm taper had a diameter of 
1/32 in. To minimize reflections from the coaxial line, the ground 
plane was slotted and the coaxial line inserted. The outer brass con- 
ductor was seated to the copper plate and banded to the aluminum section 
to preserve the continuity of the ground plane. At the edge of the 
ground plane, this coaxial line was connected to a Hewlett-Packard 805A 


Slotted Line. The experimental setup is shown in Fig. 5. 


12 





The wavelength was determined by measuring the distance between two 
minima on the slotted line. A plot of the position of the minima versus 
wavelength, with the line short-circuited, was a straight line, indicating 
that there was no appreciable difference between the characteristic im- 
pedance of the coaxial line and that of the slotted line, and that there 
were no appreciable reflections from the Styrofoam spacers in the coaxial 


line. ~* 
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BLOCK DIAGRAM OF APPARATUS 


The voltage standing-wave ratio at the antenna terminal is determined 


from the relations described by D. VD. King.!® 


sinh (o + admin) = sink (12) 
VSWR = coth p (13) 
where 
CI 
pe ty ee 
r 
6 = one-half the distance between 
the 3-db points on either side of 
' a voltage minimum, 
a = the attenuation constant of the 


coaxial line in nepers, 


13 





the distance from load to first 
minimum, and 


dad min 


P = the damping factor of the terminal 
impedance; it is equal to zero for 
a short circuit. 


In the determination of the VSWR the meter readings were corrected in 
accordance with a calibration curve plotted for the crystal and amplifier. 
The attenuation constant, a, was obtained from Eq. (12) for the case where 
the line was short-circuited at the antenna terminals. To minimize the 
effect of experimental error, each reading necessary to determine on 


aa was taken at least five times and the values averaged. 


After determining the corrected voltage standing-wave ratio, Y,, and 
Y._ were calculated by the formula?! 


tn 


1 S - j tan kd min 
or (14) 
R 1 -jS tan kd min 


where 


ae) 
T 


characteristic resistance of slotted line, and 


= VSWR. 


To assess the accuracy of the foregoine techniques, measurements 





were made of the input impedance, yo? of a single rectangular slot 

in 
antenna trom 600 to 1200 Mc, and the results comparec witi the values 
obtained from the King-Middleton second order impedance curves for cylin- 
drical antennas transformed to slot impedances by application of Babinet’s 
principle. For the slot antenna considered (Fig.6) , 1/2 = 60. Since the 


diameter of a complementary cylindrical wire 


— Ze anes antenna is ecuivalent to one half the dianm- 
2D 


| | eter of the rectangular slot antenna, ?? 
<3 
4l 
Q = 2 i = 10.96 
riG. 6 
SCHEMATIC OF SLOT A comparison of the theoretical results for 


Q = 11 with measured values (Fig. 7) 


indicates good agreement. 
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FIG. 7 


COMPARISON OF THEORETICAL AND MEASURED INPUT IMPEDANCE 
FOR A RECTANGULAR SLOT ANTENNA 
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oe) 6CRESULTS 


The input admittance and Y,, of the two-slot array for various angles 
of skew were measured. The variations of the values as a function of skew 
angle are shown in Figs, 8 and 9. Because Y,, varied only slightly with 
the angle of skew,* the value of Y,, for a skew angle of 90 deg was used 
in computing /,,. 
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FIG, 8 
MEASURED VALUES OF Ure FOR 
VARIOUS ANGLES OF SKEW 


A plot of the experimental and theoretical values of the mutual im- 
pedance between two coplanar, half-wave antennas with half-wave center- to- 
center spacing is given in Fig. 10. The general shape of the impedance 
curves predicted by theory agrees well with the shape of those determined 
by measurement. However, the experimental curves are about 30% greater 
in value than those predicted by first order theory for both the 7,, and 


X,9 components. ; 


If the condition of zero skew angle is considered,other experimental 


and theoretical results are available for comparison. °' 13° 14 The 








Note that YN) is defined as the input admittance of the driven slot with the parasitic slot 
preaent but short-circuited at ita terminals. The shorted parasitic will have a small 
effect on the input admittance of the driven slot and hence on Yi° This effect will depend 


upon the skew angle. 
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values of the mutual impedance between two parallel half-wave elements 


13 


with half-wave center-to-center spacing as measured by Blasi and by 


14 


Moritz together with King’s first and approximate second order solutions 


are tabulated in Table [I]. 


The measurement techniques employed by Blasi and Moritz both differed 


from those used in this investigation. 
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FIG. 10 


THE MUTUAL IMPEDANCE BETWEEN TWO COPLANAR, HALF-WAVE ANTENNAS WITH 
HALF-WAVE CENTER-TO-CENTER SPACING FOR VARIOUS ANGLES OF SKEW 
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TABLE II 


COMPARISON OF THEORETICAL AND MEASURED 
VALUES OF MUTUAL IMPEDANCE 


ORIGIN 











King first order theory, 


Q = di 
King ecpproximate second order 
theory, 2 = 10 


Blasi measured, 0 


Moritz measured, 2) 





This investigation, 
es 
These values were taken from curves. 


Additional data were obtained toindicate the variation of the mutual im- 


pedance with variation in frequency, between two fixed-length antennas with 


fixed center-to-center spacing and fixed skewangle. These data are presented 


fmerig. li and Fig. 12. 
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FIG. Il 
MEASURED VALUES OF | Z| BETWEEN TWO FIXED-LENGTH ANTENNAS WITH 
FIXED CENTER-TO-CENTER SPACING AND FIXED SKEW ANGLE 
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D. ALTERNATIVE METHODS OF APPROACH 


Because of the difficulty encountered in this investigation in 
measuring the small changes in Y.,, other approaches to the measurement 


problem may be desirable. Blasi, in his paper “The Theory and Application 
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FIG. 12 


MEASURED VALUES OF Lio BETWEEN TWO FIXED-LENGTH ANTENNAS WITH 


FIXED CENTER-TO-CENTER SPACING AND FIXED SKEW ANGLE 


of the Mutual Coupling Factor, ”’!? introduced a measurement technique 
that could be applied to the skew antenna problem by a slot array. His 


technique is based on the relation 


Zig 6 = SED 411499 (15) 
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on | 
, 


where 


Mr = radiation mutual coupling factor. 


The procedure is to adjust a triple stub tuner placed between the slotted 
line and the drive element to give a VSWR as near unity as possible with 
the driven element isolated, and then introduce the parasitic element which 
will disturb the initial matched condition. A quantity 4,, can now be 


measured. Blasi shows that 





a (16) 


= 
rT 


Therefore, by assuming Z,, = 2,,, and by using either a measured value of 
Z,, or the King-Middleton second order solution for the self impedance of 


a cylinderical antenna, the mutual impedance may be calculated. 
y p y 


* b| a 
A second possible approach would be to use 1 cround plane rrray 02 
monopoles as shown in Fig. 13. If the image of antenna 2 is considered to 


be the lower half of antenna 3, 


PARASITIC 
SNA CCTM and the image of antenna 3 to be 
DRIVEN 3 the lower half of antenna 2, then 
ANTENNA . 
1 the network equations for this 
array are 
wa 
yy. * c 
f ie Vi = 2,2,, + 1,2), + 1,2), 
0 i444 - L444) 7 TS 
FIG. 13 


O° 4 77... +125) eo 
SCHEMATIC DIAGRAM OF 12 2°23 asa 


MONOPOLE TECHNIQUE (17) 
where it is assumed that 
41, = 43, * 4s; 
Jig = 445 
1 ae ae (18) 
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The input impedance is thus given by 


Z 


Z 19 


i= 2, a aa: (19) 
- - Joyal oe 


From this relation the mutual impedance may be calculated, using either 


measured or computed values for 4,, andZ,,. 


Use of a ground plane array of monopoles would permit the measure- 


ment of cases other than the coplanar case. 
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CHAPTER 4 


SUMMARY AND CONCLUSIONS 


It has been demonstrated that there is good correlation between the 
general shape of the theoretical curves for the mutual impedance between 
two coplanar skew wire antennas computed from Chaney’s general formula 
and the curves determined by measurement. There is, however, a differ- 
ence in magnitude of about 30% between the theoretical and measured 


values. 


A comparison with other available results for the specific case of 
two parallel half-wave elements for a half-wave center-to-center spacing 


shows wide dispersion of results from different experimentors. 


To overcome some of the difficulties encountered in this investiga- 


tion, several alternative measuring techniques were briefly discussed. 
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SYMBOL 
a 
b 
Ci (x) 


ma(x), Cib(x) 
D 


vy = 


i (x ) 
ppatx). Sib(x) 
eX 


V 


TABLE OF SYMBOLS AND ABBREVIATIONS 


QUANTITY 


Dependent variable, a = RA tan py 
Dependent variable, 0D = RA cot yp 
Cosine integral 
Associated cosine integral 
Half width of slot 
Distance from load to first minimum 
Simplifying factor, e(r,,) = 

12 
Current distribution on wire No. i 


Shortest distance between the lines of the two antenna 
axes 


Terminal current 
Unit imaginary number in complex plane 


Wavelength constant, F —_ 
Half length of arceana 

Radiation mutual coupling factor 

Any point along wire No. i 

Distance from point one to point two 
Characteristic resistance 

Real part of 

Center to center distance between two antennas 
Voltage standing wave ratio 

Sine integral 

Associated sine integral 


Independent variables 


Terminal voltage 
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TABLES OF SYMBOLS AND ABBREVIATIONS, continued 


SYMBOL 


vhf 
VSWR 


ge N & 


oO 


Ur 


Ko 


4S 


QUANTITY 
ee ee 


Very high frequency, 30 to 300 Mc 
Voltage standing wave ratio 


Projection of the line of centers upon the plane through 
antenna 1 parallel to antenna 2 


Admittance 
Normalized admittance 
Impedance 
Attenuation constant 
One half the distance between +3-db points on either side 
of a voltage minimum 
ae 9\-1 
Permitivity of free space (367 x 10 ) farads per meter 
Intrinsic impedance of free space, 7, = 1207 


Wavelength 


maak ( 
Permeability of free space (47 X 10 henries per meter) 


Damping factor which can be determined from the width of 
the minimum 


Angle between X, and the positive sense of antenna l 


Vertex angle between positive senses of antenna 1 and the 
coplanar line parallel with antenna 2 


Angular frequency 


ol 
Hallen’s constant, 2 = 2 
Operator ‘‘deltil,” with subscript indicating the position 
at which the differentions are to be performed,(), = Ni 
eae Re 


i 


Complex conjugate 
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